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Tropical forest diversity is only weakly self-preserving munity, the more change one expects to observe (Davis 1986 , Pimm 1991 .
But how much change do we, in fact, expect? Current community theory is not much help in answering this question, because it focuses on equilibrium conditions. The empiricist is faced with community dynamics far from, or at least away from, equilibrium (if indeed the concept of equilibrium has much meaning for communities). Therefore, the empirical problem of community dynamics must be recast as testing for change within limits on a given scale of observation.
How rapidly do communities change over time and space? Do factors exist that resist change in the community, such as density-and frequency-dependent factors that regulate the growth of member species? How rapidly do communities respond to and rebound from exogenous perturbation? This question has assumed growing importance with the rise of concern about global climate change.
These questions are difficult enough to answer in simple communities, let alone in complex communities such as tropical forests. Species-rich tropical forests contain more tree species than can be identified by even welltrained botanists, not to mention the average field ecologist. Unlike associations such as beech-hemlock or oakhickory that often typify temperate forests, there are no simple characterizations of tropical forests based on dominance, because the most abundant species generally account for only a few percent of the tree individuals. First-time exposure to the diversity of a species-rich tropical forest such as that found on Barro Colorado Island in Panama can produce a kind of intellectual vertigo in temperatetrained ecologists accustomed to simple, heuristic community-assembly rules.
High species diversity in tropical tree communities does not necessarily imply complex assembly rules and dynamics. It is possible that such communities can be described by a reduced dimensionality of some number less than the total number of species. However, the extent to which the functional dimensionality of a tropical forest is reducible is still not known, and it depends on the question asked. Similarly, expectations for rates of change in tropical tree communities remain uncertain. To address such questions for a particular species-rich tropical forest, we launched a long-term study, now in its twelfth year, of the structure and dynamics of old-growth forest on Barro Colorado Island. The climate of Barro Colorado Island is seasonal, with a 4-to 5-month dry season from December through March or April. At supraannual time scales, a significant decline of approximately 14% in annual precipitation has occurred over the past 70 years, dropping from approximately 2.7 m in 1925 to 2.4 m at present. The cause for this drying trend has not been proven, but it has been attributed to progressive large-scale deforestation on either side of the zone of the Panama Canal over the same period (Windsor 1990 ). Drought and, at long intervals, fire are the factors that could potentially cause the greatest exogenously forced changes in the Barro Colorado Island tree community (Wright 1992 Forestwide growth rates were also different between census intervals. A priori, one might have anticipated lower growth rates would accompany the higher mortality rates during the interval containing the 1983 drought, but the reverse was true. Growth rates were higher during the interval containing the drought for a broad range of plant sizes, from 2 to 32 cm dbh. Figure 2 shows mean annual percent diameter growth rates for canopy tree species. Shrubs, understory trees, and midsized trees also exhibited qualitatively similar patterns, with the same size classes (where they occurred) showing elevated growth during 1982-1985.
Some differences in growth were remarkably high; for example, growth of 16-32 cm trees was morethan60% fasterin 1982-1985than in 1985-1990. We can suggest no bias in our field techniques that would account for the differences. 3 We hypothesize that trees surviving the drought achieved faster growth rates due to high mortality in the canopy tree layer, which presumably reduced root competition for water and nutrients, opened the canopy, and allowed more light into the understory. After the drought, there was a gradual increase in 'R. Condit, S. P. Hubbell, and R. B. Foster, 1992, manuscript in preparation. 2See footnote 1. 3R. Condit, S. P. Hubbell, and R. B. Foster, 1992, manuscripts submitted. the percentage of low-canopy (gap) area in the plot (canopy more than 10 m high), rising from approximately 9% at the time of the drought to a peak of more than 15% by 1987. By 1991, the percent gap area had returned to pre-drought levels.4 We are now analyzing in more detail our data on changes in vegetation height and layering between 1983 and 1990 to test this possibility further.
Similar synchronous, parallel variation in mean annual growth rates among unrelated tree species of diverse life history has been reported by Clark and Clark5 over an eight-year period at La Selva, Costa Rica. The Clarks found that growth rates were higher in years having greater insolation and lower in rainier, cloudier years. The pattern was the same in species having high and low mean rates of growth. Their results and ours raise the possibility that growth rates in tropical tree communities as a whole, canopy trees included, may actually become light limited during years of persistently overcast skies. Such a possibility is not unreasonable. Physiological and morphological changes in leaves and crown geometries better suited for tolerating the high-light, high-thermal stress environment of the canopy may increase the likelihood of light limitation on dark, cloudy days.
Despite large changes in community-wide mortality and growth rates in the Barro Colorado forest, there was near constancy in overall forest structure and species composition. The number of species in the plot remained virtually unchanged over the decade: 301, 303, and 300 species in 1982, 1985, and 1990, respectively. This constancy occurred despite some species turnover; ten species dropped out of the census between 1982 and 1990, and nine species were added, all rare. Constancy in species richness is not surprising because a decade is a short time to measure species turnover in a community of long-lived organisms such as trees. It will be interesting to find out whether species number remains constant over longer periods.
Perhaps more surprising was that the number of individuals in the plot Conversely, almost all the species whose populations grew rapidly from 1982 to 1990 were light-demanding species (nonruderal species characteristic of mature-forest gaps). These species benefited from the opening of the canopy, which took place after the 1983 drought, when more light reached low levels in the forest, improving their recruitment.7 The elevated abundance of these species is expected to be transient if the canopy returns to its original structure, unless droughts become more frequent and permanently force a more open canopy. In that case, pioneer species are expected to increase and persist at higher densities. Three-quarters of the shade-tolerant, 6See footnote 3. 7See footnote 3. Connell model for population regulation and maintenance of species diversity in tropical tree communities. Janzen (1970) and Connell (1971 Connell ( , 1978 postulated that the mortality of seeds, seedlings, and saplings is higher when the offspring is close to the parents than it is farther away from them; this pattern is called a neighborhood effect because plants perform poorly in the neighborhood of adults of their species (Antonovics and Levin 1980, Silander and Pacala 1990). Neighborhood effects can regulate a population because they create negative density-dependence in population performance. As a species becomes more abundant, mean plant performance (growth and survival) declines because fewer plants escape the neighborhood of adults. The JanzenConnell hypothesis is a special case of a more general hypothesis of density-dependent population regulation in plants ( Antonovics and Levin 1980, Harper 1977) .
There are two aspects of any test for density-dependent population regulation in tropical trees. First, the prevalence of density dependence among species in the community must be ascertained. What proportion of the species show negative density-dependence? Second, it must be determined whether observed density-dependence is strong enough to regulate populations. How strong are the effects? Will they restrain population growth below densities that result in complete dominance?
Previous Addressing the first aspect, there is detectable density-dependence in the Barro Colorado Island tree community. Of 80 species ranging from shrubs to canopy trees whose recruitment patterns we examined, 15 species showed evidence of reduced recruitment in the neighborhood of conspecific adults (Condit et al. 1992) . In 12 of these species, we studied the performance of juvenile plants as a function of local conspecific density (Hubbell et al. 1990 ).1? Six species showed significant neighborhood effects (Table  2 ). In some common species, notably Trichilia tuberculata, plants as large as 8 cm dbh were negatively affected in growth and survival by increases in local conspecific density. In a few species, especially Alseis blackiana and Trichilia, performance was inhibited by juvenile neighbors as well as by adult neighbors (Table 1) .
These data make it clear that there is significant density-dependence in some species of trees in the Barro Colorado Island forest. But some species show only weak neighborhood effects, and others show none. The more difficult issue is whether the neighborhood effects, when observed, are strong enough to regulate tree populations at their current densities, and whether they are pervasive enough to play a role in structuring the community.
We used two approaches to address this issue. In the first, we developed a spatially explicit population model that incorporated neighborhood effects on growth, mortality, and recruitment (Hubbell et al. 1990) . A simulated population of Tricbilia was regulated near its observed density on Barro Colorado Island. Simulations based on data from Alseis suggested that the population could increase to a carrying capacity approximately three times higher than its current 1?See footnote 3. density. Simulations with the other species listed in Table 2 revealed either a carrying capacity much higher than the observed density or no carrying capacity short of complete dominance. Thus, it appears plausible that only 2 of 12 species studied have populations regulated by density-dependent factors.
In the second approach, we calculated separate life tables for individual species in regions of high and low conspecific density in the 50-hectare plot.1" From these life tables, we calculated region-specific finite rates of population increase, lambda. Trichilia and Alseis had strongly reduced lambdas in regions of high density, but the remaining species showed no relationship between population growth and local density. These results supported the earlier conclusion from the simulation studies that there are two common species in the plot whose populations appear to be regulated by neighborhood effects, but that many less-common species appear not to be regulated.
Overall, the analyses of density dependence suggest that many tropical forest trees have populations that are unregulated in the classical sense, with densities well below any carrying capacity set by density-dependent factors. Their abundances appear to be free to drift up or down, fluctuating with climatic anomalies, with changes in populations of interacting plants or animals, or randomly (Hubbell and Foster 1986c). However, it is important that the most abundant species are regulated by density-dependent factors. This regulation prevents any one species from taking over the forest, and thus it limits the extent to which the community can drift. Here at last we find evidence for limits to community change: a cap on the level of dominance that any one species can achieve.
A caveat needs to be made about these conclusions. Our data pertain to trees and their saplings 1 cm dbh and larger. Density-dependent processes occurring earlier in ontogeny may be missed because the spatial signature of earlier density-dependence and neighborhood effects might be lost by the time saplings reach 1 cm dbh (Crawley 1990 ). Recent work suggests that 1 cm dbh saplings of many of the mature-phase ues, major changes in the Barro Colorado Island forest composition and diversity can be expected over the coming decades. If the drying trend is due to regional deforestation, then one lesson from Barro Colorado Island is that residual tropical forests may not have to be cut down to suffer major deforestation-induced changes in composition and loss of diversity from climatic disruptions. On a global level, understanding how rapidly forests change under different climate scenarios will be critical to the development of workable systems of protected forest areas.
Are there stabilizing forces in tropical forest communities that might buffer them against perturbations caused by climate change or other human activities? To some degree, there are. The Barro Colorado Island forest suffered a severe drought, yet the overall structure of the forest bounced back. There is a regulating force at work her: remove a tree and a tree grows back. But this force only preserves the forest as a forest, not the diversity of tree species it contains. At the level of species diversity, we also found some limits, but not many. If we perturb the species mixture, there is a limit to how much it changes, because the most abundant species are at their carrying capacities; under current conditions, the Barro Colorado Island forest will not convert to a monodominant stand (some tropical trees escape this regulation; see Hart 1990). But there do not appear to be regulating factors for the populations of many rare species, and in this sense the forest is fragile-a perturbation that eliminates rare species would be permanent.
It is important to understand these community-level processes when designing programs for tropical forest management, reforestation, and species preservation. Our results suggest that tropical forest diversity is only weakly self-preserving; it is quite fragile when exposed to external threat.
